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inch	  	  

Die	  

1018	  STEEL	  

σa	  

σa	  

Cu90Ni10	  Supports	  

2.552	  in	  	  

ODS	  

CHAMBER	  ASSEMBLY	  BEFORE	  EXTRUSION	  

1.  EXTRUSION	  TEMP:	  1500F	  
2.  RAM	  SPEED:	  0.5	  in/min	  
3.  SOAK	  TIME:	  10	  min	  
4.  OVERALL	  EXTRUSION:	  	  
5.  ER:	  4:1,	  45	  DEG	  TAPER	  DIE	  
	  

ODS	  COMPOSITE	  TUBE	  EXTRUSION	  

Cu70Ni30	  

316	  L	  SS	  
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ODS,	  STEEL	  MANDREL,	  Cu70Ni30	  CLADDING	  	  AND	  Cu90Ni10	  
CLADDING	  ASSEMBLY	  PRIOR	  TO	  EXTRUSION	  
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EXTRUDED	  ODS	  TUBE	  AND	  CLADDING	  
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EXTRUDED	  ODS	  TUBE	  

Fig.	  1	  Overall	  Image	  of	  Extruded	  ODS	  Tube	  AYer	  Etching(ER:	  4:1,	  45° angle die, 4.2 in/min product rate, 815°C extrusion temperature )	  

DIRECTION	  OF	  EXTRUSION	  

ID:	  0.12	  in.	  

OD:	  0.16	  in.	  

OD:	  0.14	  in.	  

ID:	  0.12	  in.	  

OD:	  0.16	  in.	  

LTOTAL:	  ≈2.85	  in.	  

EXTRUDED	  LAST	   EXTRUDED	  FIRST	  

OD:	  0.14	  in.	  
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CHEMICAL	  MILLING	  OF	  ODS	  
COMPOSITE	  
(3-‐day	  at	  23%	  Nitric	  Acid)	  

DIRECTION	  OF	  EXTRUSION	  

EXTRUDED	  FIRST	   EXTRUDED	  LAST	  

CHEMICAL	  MILLING	  OF	  ODS	  
COMPOSITE	  
(6-‐day	  Total	  at	  23%	  Nitric	  Acid)	  

EXTRUDED	  FIRST	   EXTRUDED	  LAST	  

DIRECTION	  OF	  EXTRUSION	  
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Extruded	  ODS	  and	  316L	  SS	  Tubes	  
(ER:	  4:1,	  45° angle die, 0.5 in/min ram speed, 815°C extrusion temperature )	  

OD:	  0.141	  in.	  OD:	  0.152	  in.	  

THICK:	  	  
0.022	  in.	  

OD:	  0.168	  in.	  

LTOTAL:	  ≈2.847	  in.	  

EXTRUDED	  FIRST	  

EXTRUDED	  LAST	  

OD:	  0.216	  in.	  

DIRECTION	  OF	  EXTRUSION	  

LTOTAL:	  ≈0.766	  in.	  

THICK:	  	  
0.024	  in.	  

THICK:	  	  
0.024	  in.	  Extruded	  

316	  L	  SS	   Extruded	  ODS	  	  

OD:	  0.140	  in.	   OD:	  0.140	  in.	   OD:	  0.153	  in.	  
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1.  CWRU.EXTR.024	  26	  NOV	  14	  
2.  EXTRUSION	  TEMP:	  815°C	  	  
3.  RAM	  SPEED:	  0.5	  in/min	  
4.  SOAK	  TIME:	  20	  min	  
5.  OVERALL	  EXTRUSION:	  7	  inch	  	  
6.  ER:	  4:1,	  45	  DEG	  TAPER	  DIE	  	  
7.  See	  Separate	  Agachment	  
	  

1.  CWRU.EXTR.108	  IE	  7	  OCT	  14	  
2.  EXTRUSION	  TEMP:	  815°C	  	  
3.  PRODUCT	  RATE:	  4.0	  in/min	  
4.  SOAK	  TIME:	  10-‐15	  min	  
5.  OVERALL	  EXTRUSION:	  9	  1/8	  	  inch	  	  
6.  ER:	  4:1,	  45	  DEG	  TAPER	  DIE	  
7.  See	  Separate	  Agachment	  
	  

1.  CWRU.EXTR.023	  19	  AUG	  14	  
2.  EXTRUSION	  TEMP:	  815°C	  	  
3.  RAM	  SPEED:	  0.5-‐0.7	  in/min	  
4.  SOAK	  TIME:	  10	  min	  
5.  OVERALL	  EXTRUSION:	  7.2	  inch	  	  
6.  ER:	  4:1,	  45	  DEG	  TAPER	  DIE	  
7.  See	  Separate	  Agachment	  
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1.  CWRU.EXTR.025	  31	  JUL	  15	  
2.  EXTRUSION	  TEMP:	  815°C	  	  
3.  RAM	  SPEED:	  4.5	  in/min	  
4.  SOAK	  TIME:	  15	  min	  
5.  OVERALL	  EXTRUSION:	  7	  inch	  	  
6.  ER:	  4:1,	  45	  DEG	  TAPER	  DIE	  	  
7.  See	  Separate	  Agachment	  
	  

J Bobanga 
et al (2015) 
	  



E Aydogan 
et al (2015) 
	  



E Aydogan 
et al (2015) 
	  



Summary	  
-  High Pressure Testing Rigs 

-  Pressure Media: Gas, Oil 
-  Internal Load Cell, Pressure Measurement 

-  Pressure Effects on Flow of Metallic Alloys 
-  Yielding 

-  Cubic Systems 
-  Non-Cubic Systems 
-  Particle-containing systems 

-  UTS 
 

-  Pressure Effects on Fracture of Metallic Alloys 
 - Fracture Micro-mechanisms 
 - Pressure Effects on Ductility/Fracture 

-  Pressure Effects on Composites, Intermetallics 
- Flow 

 - Ductility/Fracture 
 - Pressure and Temperature Effects  
  - Implications on Deformation Processing  

-  Hydrostatic Extrusion 
 - Concept 
 - Examples (Composites, NiAl) 
 - ODS Tubes? 
  - Billet Design, Initial Results 


